The article analyzes domestic and foreign information resources devoted to the study of the rheological behavior of confectionery masses and justifies the necessity to conduct a comprehensive study of the rheological properties of raw materials, semi-finished and finished products to support optimal modes of production and to produce products with the specified structural-mechanical characteristics.
Introduction
Rheological, structural and mechanical characteristics are the most important indicators of candy mass properties where candy mass is a semi-finished product entering further process steps. These characteristics also determine structural and mechanical properties of the finished product. The study of adhesion properties allows evaluating the possibility of using various molding methods or combination of candy mass with different physical-chemical and rheological properties for making combined confectionery.
In recent years domestic and foreign journals have published a number of studies on the rheological behavior of confectionery mass and structure of finished products. In [1] rheological properties of syrups with different sweeteners (sorbitol, maltodextrin, aspartame, etc.) are shown. For example, in [2, 3] the authors give recommendations for building and choosing rheological models which reflect main differences in flow types observed in fondant and whipped candy mass. In [4, 5] we can see the results of modeling and optimization of rheological properties of jelly mass using different types of gelling agents. The authors of [6] evaluated the effect of temperature, xanthan gum and fructose on the rheological behavior of blueberry puree and built statistical models that can be used to develop recipes with specified viscosity for various concentrations of additives. The research results of the adhesive properties of confectionery semi-finished and finished products and practical advice on the choice of molding methods are given in [7, 8] .
Constantly expanding the range of products as well as using non-conventional raw materials in candy recipes actualizes the problem of studying the rheological behavior of candy mass and bank data on the influence of recipe ingredients and process conditions on technological properties of semi-finished products and stability of structural and mechanical properties of finished products during the storage period.
In this regard, there is a need for a thorough study of the rheology of candy mass with the addition of non-traditional raw materials and structural and mechanical characteristics of candies derived from them. The aim of the research is to validate the modes of candy production using enrichers in the form of powders from local vegetable raw materials on the basis of studying rheological, structural and mechanical properties of semi-finished products.
The research results of rheological properties of candy mass and structural-mechanical characteristics of candy bodies
The objects of the study were samples of fondant, jelly and whipped mass and candies made on their basis according to classic recipes, as well as with the addition of vegetable powders (pumpkin, carrot) and medicinal-technical raw materials (nettle leaves, lemon balm, raspberry) of various concentration and dispersion. Herbal additives used in the form of powder, hydrated powders (puree) and water-alcoholic extracts.
The study of rheological properties of semi-finished products and structuremechanical characteristics of candy bodies were performed on viscotester HААКЕ VT6R plus (Thermo Fisher Scientific, Germany) and texture analyzer Brookfield CT-3 (Brookfield Engineering laboratories, inc., USA) equipped with a wide range of sensors, devices and accessories to meet the challenges associated with the analysis and measurement of texture. Detailed description of methods for analysis of raw materials, semi-finished and finished products is given in [8] .
Studying rheological properties of investigated candy mass has shown that, irrespective of the recipe, they belong to pseudoplastic materials. In a wide range of shear rates 0-100 s-1 the flow of the fondant mass is well approximated by the equation of Herschel-Bulkley, while the jelly and whipped mass satisfies the equation of Ostwald de Waele. In all cases, the rheological curves are well approximated by a linear function over a fairly wide range of shear rates (by a factor of no less than 0.98 approximation), which explains the choice and use of these rheological equations.
The curves of changes in viscosity versus shear rate have a form that is characteristic of structured systems. The viscosity decreases when the shear rate is increasing and especially fast in the range of relatively low shear rates, while the further increase in rate varies viscosity slightly. This rheological property is explained by the fact that in a stationary environment the arrangement of the particles is characterized by strong randomness, and under the influence of increasing shear forces the orientation of the particles in the flow direction is raising. Increasing the rate leads to decreasing the interaction between particles. Tests were conducted at temperatures typical of molding for this candy mass (Fig. 1 ss is five times esence in the sy g strong bonds to 10 % (disp in 3…10 time ion and water and form a spa " of the system layers and in cosity (Fig. 2) formation of c ing minimizes mable candy m heir structure ress at the ph method allows but in the proce ossible violati ent of the la on (Fig. 8) Table 1 ). nts dependenc whipped masses ding ( When the molding temperature is above 70 °C, the fondant structuring occurs after casting the bodies, thus the shear rate in the molding can be set arbitrarily. Temporizing of the bodies proceeds to a temperature of 20…22 °C for 35…40 minutes. Structuring process is characterized by the formation of crystallization centers with the addition of new molecules to the grid and proceeds spontaneously as it is accompanied by decreasing free energy of the system. When using the fondant mass as fillings at the temperature range of 40…70 °C, their supply to product bodies may be performed at any shear rate. While molding the fondant mass at temperatures below 40 °C in order to avoid destroying the structure of the mass, the shear rate should be less than the lowest critical rate, i.e. 25 s -1 . Structuring occurs after casting of the whipped mass at high temperatures, so the shear rate during the formation process can be set arbitrarily. At temperatures below 60 ºС the process of jelly formation begins, therefore the impact on the structure should be minimal. This requirement corresponds to the smearing method. For the temperature range of 30…45 °С the whipped mass made according to traditional recipes should be formed by smearing, while for the whipped mass with the addition of vegetable powders the pressing method can be used because the moulded products retain their shape well in the form of a slice. If the temperature is 25…30 °С the whipped mass with the addition of vegetable powders can be molded by settling. Thus molded product retains their shape well as the process of structure formation by the time of molding has largely been completed. To prevent the destruction of the mass structure during the molding the shear rate should be below the lowest critical rate, i.e. 30 s -1 .
Conclusions
The studies proved operating parameters at different stages of candy production from semi-finished products with different rheological properties. It is found that the nature of rheological curves in the studied range of shear rates is similar to candy mass with the addition of powders made from drug-technical and vegetable raw materials with similar values of dispersion indicators, water retention and adsorption capacity. The resulting patterns allow extending the application area of the research results for confectionery masses of different composition provided a preliminary analysis of physico-chemical properties of introduced additives. The practical use of recommendations contained in the article can be useful for firms producing confectionery products while expanding the range of products with the use of powders and extracts from plant raw materials.
Reologische Eigenschaften der süßlichen Massen: Ergebnisse der Forschungen und die praktischen Anlagen Zusammenfassung: Es ist die Analyse der einheimischen und ausländischen informativen Quellen, die dem Studium des reologischen Verhalten der Konditormassen gewidmet sind, durchgeführt. Es ist die Notwendigkeit des komplexen Studiums der reologischen Eigenschaften des Rohstoffs, der Halbfabrikate und der Fertigware für die Begründung der optimalen Regimes der Produktion und des Erhaltens der Erzeugnisse mit den aufgegebenen strukturellmechanischen Charakteristiken rechtfertigt.
Es ist der Charakter der Veränderung der plastischen Haltbarkeit der Halbfabrikate je nach den Regimes der Ablagerung des Halbfabrikates und des Einflusses der Zusätze der Pflanzenherkunft auf den Prozess der Strukturbildung bestimmt.
Aufgrund der Ergebnisse der Forschungen des Einflusses der Dosierung und der Dispersität der Phytozusätze und der Gemüsepulver auf die Zähigkeit der süßlichen Massen bei verschiedenen Temperaturen und den Geschwindigkeiten der Deformation sind die Empfehlungen für die Auswahl der Regimes der thermomechanischen Bearbeitung der Crème-und Geleemassen bei dem Temperieren und dem Guß entwickelt.
Propiétés rhéologiques des masses de la pâtisserie: résultats de la recherche et applications pratiques Résumé: Est effectuée une analyse des sources d'information nationaux et étrangers consacrés à l'étude du comportement rhéologique des masses de la pâtisserie. Sont présentés les résultats de la recherche rhéologique du comportement des masses de la pâtisserie de différente composition de recettes. Est constaté le caractère du changement de la résistance plastique en fonction des régimes de la production. Sont étudiés les effets des additions et des poudres de légumes sur la résistance des contacts entre les couches d'adhérence des masses de la pâtisserie.A la base des caractéristiques physico-chimiques des interactions d'additives d'origine végétale avec d'autres ingrédients des masses est présentée l'explication des mécanismes de leur influence sur les propriétés rhéologiques des produits semi-finis ainsi que les caractéristiques structurelles et mécaniques. Sont élaborées des recommandations pour le choix des régimes du traitement thermomécanique des masses de la pâtisserie.
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